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Abstract 
The utilization of fly ash (FA) into concrete has become a common practice in ready mix concrete production throughout the 
world, including Indonesia. The inclusion of this by product material into concrete has two main advantages: decreasing cost of 
material by reducing cement content and reducing waste produced from power plant operation. Despite almost two decades of 
experience and application, low compressive strength of concrete containing FA often occurs in construction projects in 
Indonesia. This paper describes one case of low compressive strength of concrete containing FA in a project located in East Java. 
During project construction, it was found from routine compressive test of concrete cylinders that the 28 days design strength 
was not achieved. Steps and measure taken following this incident are fully described. Non-destructive and destructive concrete 
test were employed to gain more data from concrete structures already casted with this mixture. Finally, possible cause of low 
compressive strength are identified and solutions are given to solve this problem. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering 
Forum (EACEF-5). 
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1. Introduction 
Fly ash (FA) utilization in concrete production [1,2] is already a common practice in Indonesia [3] during the last 
two decades. Reduce cost of concrete production and reduce waste from power plant have become the main reasons 
for its utilization. However, coal characteristic in Indonesia used for power plant operation has changed from time to 
time. The characteristic of each coal deposit at a location is determined by temperature, pressure and by the length 
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of time formation [4]. Furthermore, FA quality is also determined the objective of power plant operation [5,6], 
especially its chemical composition [7]. Due to extensive exploration and used of coal as alternative source energy 
of oil and gas during the last decade in Indonesia, high quality (high calorie) coal is becoming scarce and difficult to 
find. As a result, low quality coal (low calorie) is more often used for power plant operation. The FA produced from 
this coal is not as good quality as usually found before. Based on available data, type F FA in Indonesia is very 
difficult to obtain and type C FA is more commonly found [8]. Further, good quality aggregate is also difficult to 
find nowadays due to high demand of aggregate. All of these factors may lead to a higher variability of concrete 
strength and hence produces a lower characteristic strength. 
Ready mix concrete manufacturer often has no option to choose which type of FA to be used. Fierce and harsh 
competition among concrete manufacturer forces the manufacturer to use only the available and abundant FA. As a 
result, lower concrete strength than the specified strength often found in real practices due to undesired FA 
characteristic. This paper presents a case study of low compressive strength of concrete containing fly ash in a 
project located in East Java Indonesia and steps and measures to tackle this problem are described. 
2. Material and Mix Proportion 
The detail of concrete mix proportions used in the project are shown in Table 1. The 28 day design compressive 
strength was 28 MPa. Ordinary Portland cement was used. The fine aggregate was river sand, with density of 2.70 
and absorption of 1.02%. It occupied about 34.22% of total weight of aggregate. The coarse aggregates used was 
natural coarse aggregates, comprises of 13.81% of 5–10 mm and 51.96% of 10–20 mm of the total weight of 
aggregate. 





Fine Agregat 615 
Coarse Aggregate (5-10 mm) 249 
Coarse Aggregate (10-20 mm) 929 
Fly Ash (FA) studied was obtained from a local power generation plant. Physical and chemical analysis 
properties of FA has been performed at Energy Laboratory ITS (Institut Technology of Sepuluh Nopember 
Surabaya). The degree of crystalline particles of fly ash was analyzed using X-Ray Diffraction (XRD) method. The 
results at Fig. 1 discribes that the strong peak at an angle of 21.5 indicates the peak of cristobalite and at an angle of 
27.5° of tridymite. The chemical composition of fly ash determined by X-Ray Fluorescence (XRF) analysis is 
provided in Table 1. It can be calculated from Table 2 that the total percentage of SiO2, Al2O3 and Fe2O3 is 66.6%, 
slightly less than 70%. Thus, based on ASTM C168 [9], this fly ash can be categorized as type C Fly ash. 
Scanning Electron Microscopy (SEM) was performed to determine the microstructure characteristic of FA. The 
result is presented in Fig. 2. This figure shows that FA were almost spherical in shape. FA particle surface area is 
0.194 m2/gram, determined using a Quantachrome apparatus. 
3. Compressive strength of concrete cylinder sample 
To ensure the quality of concrete work in this project, routine compressive tests were performed by independent 
laboratoty in East Java. One of routine test results showed that the compressive strength of six cylinders were lower 
than the design compressive strength of 28 MPa. Table 3 gives the detail of test results of compressive strength. This 
Table shows that only two cylinders have reached or exceeded the design compressive strength. Further, it shows 
that cylinder samples number 1 and 6 gave compressive strength of 11.84 and 11.89 MPa, far below the design 
strength. Although control cylinders are the accepted standard method to determine the strength of concrete 
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produced on site, they sometimes do not truly representative of the insitu concrete strength of a structure [10]. 
However, these results worried all parties involved in the project (i.e. owner, supervision consultant and contractor). 
As a result, all parties agreed to perform both non-destructive (NDT) and destructive tests (DT) to obtain more 
reliable data of concrete strengths directly from pier 1 to 6. Note that all the piers already casted were also 
investigated and not only pier 1 and 2 where low concrete quality were first found. This action was chosen to avoid 
any possible consequences that may occur in future time due to low concrete strength when the structure is 
completely built and fully operated. 
 
Fig. 1. XRD pattern of fly ash used. 
Table 2. Composition of fly ash are measured by XRF (mass %). 
Oxide composition Weight (%) Oxide composition Weight (%) Oxide composition Weight (%) 
Al2O3 9.2 CuO 0.051 MoO3 3.5 
SiO2 26.2 BaO 0.44 BaO 0.44 
Fe2O3 31.0 Eu2O3 0.3 Yb2O3 0.03 
CaO 25.5 Cr2O3 0.08 Re2O7 0.3 
K2O 1.45 NiO 0.03 HgO 0.2 
TiO2 1.2 CuO 0.051 Eu2O3 0.3 
MnO 0.25 ZnO 0.04   
V2O5 0.04 SrO 0.44   
Table 3. Compressive strength of concrete cylinders. 
No Pier 




1 1 28 11.84 
2 1 28 40.71 
3 1 28 24.83 
4 1 28 27.14 
5 2 28 28.00 
6 2 28 11.89 
7 2 28 26.27 
8 2 28 25.96 
Tridymite 
Crystobalite 
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Fig. 2. SEM of fly ash used. 
4. Non Destructive and Destructive Tests of Concrete 
Ultrasonic pulse velocity (UPV) test was used to investigate the density and homogeneity of concrete, whereas 
concrete core-drilled was performed to get concrete cylinders for compressive test. Thirty five readings of UPV and 
four concrete core-drilled was performed on each pier. The position of UPV reading in each pier is shown in Fig.s 3 
and 4. Based on UPV results, the location of concrete core-drilled was then determined. Location with lower 
readings of UPV was investigated further by taking concrete cylinder sample using core-drilled test. 
Three cylinder samples were taken from the side of the pier and one sample fromthe top of the pier. Fig. 5 shows 
core drilled operation performed on pier 1. The concrete cylinders were then taken to the laboratory and allowed to 
dry for two days before compression test. Each cylinder was carefully checked to find cracks or any irregularities 
before capped. UPV test was also performed on each cylinder to obtain more data of concrete homogeneity. Note 
that when UPV test performed on each pier, the indirect method of test is used to get UPV readings. By contrast, the 
direct transmission method of reading is used when UPV test is performed on each cylinder. The direct approach is 
considered to be more reliable than indirect method of transmission [11]. However, field condition such as large 
dimension or limited space often prevent this method to be implemented. 
 
Fig. 3. UPV location in each pier. 
The results of UPV test performed directly on pier 1 to 6 is summarized in Table 4. Table 4 only gives the 
average of thirty five UPV readings taken on each pier. Based on BS 1881 UPV test result classification shown in 
Table 5, concrete quality of pier 1 to 4 can be categorized as having medium quality, while concrete quality of pier 5 
and 6 as having doubtful quality. To get more accurate data on concrete strength homogeneity, UPV test was then 
performed on each concrete cylinders obtained from concrete drilled. The results of this test is shown in Table 6, 
with their corresponding compressive strength of concrete cylinder. 
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Fig. 4. UPV location in each pier 
 
Fig. 5. Core-drilled location in pier 1. 
Table 4. UPV test results from pier 1 to 6. 
Pier Velocity (m/s) Note 
1 3363 Medium 
2 3151 Medium 
3 3117 Medium 
4 3042 Medium 
5 2937 Doubtful 
6 2986 Doubtful 
Table 6 shows that all UPV test results are above 3500 m/s and therefore can be classified as good quality 
concrete based on BS 1881. The average velocity of UPV test is 3852.5 m/s with a coefficient of variation of 2.19%. 
These UPV test results are higher than those UPV test results obtained directly from pier 1 to 6. This difference may 
come from different method used in UPV tests (i.e. direct versus indirect method) and partly due to different 
moisture condition of concrete during testing. In general, the pulse velocity in saturated concrete may be up to 5% 
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higher than in dry concrete [12]. However, the results of NDT such as UPV cannot be used as acceptance criteria for 
concrete strength.  
Table 5. UPV test results classification based on BS 1881[13] 
UPV (m/s) Concrete quality 
Above 4500 Excellent 
3500 to 4500 Good 
3000 to 3500 Medium 
Below 3000 Doubtful 
Table 6. UPV test results and compressive strength of concrete cylinders. 
































Mean          3852.50                    18.01 
Standard deviation          84.40                    3.17 
Coefficient of variation           2.19%                    17.58% 
Table 6 also gives the compressive strength for all concrete cylinder obtained from pier 1 to 6. This Table shows 
that all concrete compressive strength is lower than the design compressive strength of 28 MPa. The average 
compressive strength and the coefficient of variation of all cylinders was 18 MPa and 17.58%, respectively. These 
results creates panic all the parties involved in the project as none of the sample has fulfill the design strength. All 
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the parties in the project agreed to stop the concrete casting operation until the source of the problem could be 
clearly identified. During compression test, the mode of failure of concrete cylinder was documented using digital 
camera, see Fig. 6. The cylinder debris from compressive test was carefully checked and inspected. Some of the 
cylinders shows crack formed in aggregate and not formed in cement paste. This trend indicated that the quality of 
aggregate was not desirable. Some of the aggregate had a reddish color and appeared to be unsound. Note that the 
cylinders were allowed to dry for two days before testing. However, despite this drying process, the concrete 
appeared to be in very moist condition. This showed that the hydration process of concrete with FA was not fully 
completed even after concrete age of more than 30 days. 
 
Fig. 6. Compressive test and mode of failure concrete cylinder. 
5. Source of the problem of low concrete strength 
There are several factors that may contribute to low concrete strength in the project described earlier. These are 
x Equipment error readings (calibration) 
x Change of FA quality 
x Change of aggregate quality 
x Change of concrete mix proportion 
Thorough investigation was performed to find the source of the problem. All the equipments used for concrete 
testing was carefully examined and record of equipment maintenance was traced back. The findings showed that all 
the equipment such as compressive test machine used for concrete test and weighing machine for concrete batching 
were yearly calibrated by independent and certified institution. All of these equipment still have a valid calibration 
when this incident took place. Hence, faulty equipment was eliminated as source of the problems of low concrete 
strength. Further, the concrete cylinders were all capped to give flat surface of applied compressive force. 
Further investigation finally found that during concrete casting on pier 1 to 6, trouble have occurred in batching 
plant that used to supply the concrete. As a result, to avoid any delays of concrete casting the concrete was then 
supplied from another batching plant. This batching plant was not fully prepared for supplying the concrete to the 
project.  
The inclusion of FA in concrete may decrease the rate of strength development of concrete [14]. In addition, the 
rate of concrete strength development depends upon many factors such as: (i) FA characteristics (i.e. chemical and 
mineralogical composition, fineness, pozzolanic reactivity); (ii) type of cement; (iii) replacement level of cement 
with fly ash; (iv) mixture proportions; (v) ambient temperature; and (vi) curing environment. The chemical and 
mineralogical composition of fly ashes depends upon the characteristics and composition of the coal burned in the 
power plant [7]. Further, the source of aggregate was different than the one used in earlier concrete mix. All of these 
combined factors lead to a lower concrete strength. 
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6. Solution to the problem 
After a long discussion, all the parties in the project finally agreed that the strengthening of existing pier is the 
best solution to tackle the problem of low quality concrete strength. This option was chosen as delays of the project 
can be minimized. Other option such as demolition will extend the completion time of the project. Further, all parties 
also agreed that to avoid this case to occur in future time, test of material such as FA and aggregate has to be 
performed when different material is going to be used in concrete mix. To get a more representative data of concrete 
strength, the number of cylinder sample is increased by 50%. 
7. Conclusions 
From the above discussion, the following conclusions can be made  
x Low quality concrete strength in the project discussed above are caused by two main factors. These are 
¾ Changes of FA type and 
¾ Changes of aggregate source 
x The change of concrete mix occurred due to trouble in batching plant during concreting. As a result concrete 
from other batching plant was delivered to the project without proper preparation. 
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